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(57) Abstract: An exposure device has a laser device that is 
small, easy to maintain, and capable of producing an output 
that is unlikely to be affected by optical surges occurring 
in the beginning of operation. A single- wavelength laser 
oscillator (11) supplies a laser beam (LBl) to a fiber op- 
tic amplifier (13) through an optical modulator (12). The 
amplified laser beam is split by splitters (14, 16-1 to 16-m), 
amplified by optical amplifier units (18-1 to 18-n) and sup- 
plied through a fiber bundle (19) to a wavelength converter 
(20), which in turn converts the split beams into ultraviolet 
laser radiation (LBS) for use as exposure light. The optical 
modulator (12) outputs light pulses during the generation of 
ultraviolet light. The optical modulator (12) also produces 
laser radiation during the absence of ultraviolet light, but the 
laser radiation has substantially the same average output and 
a considerably low peak compared with that during the gen- 
eration of ultraviolet light. 
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20 ^T'S ^T^^^M^ UV^o ^(Dtzt). (Master Oscillato 

r) i:L.T<D¥-?^ftMl/-if 1 1 O^MiSft^-^^Sfil-^r^T^ 

-If 1 1 i:UTDFB#^#:U--tf^fflVi'5ii^{Ctd;, DFB^^^^U- 



wo 01/20398 FC-|/jn)0/U(Hj:« 

18 

DFB'^mi^\y-^t^^v\t^(Dum^o . 0 0 1 t:m{iT|ijfPf §c 

1 5 4 4 nm) TiS^^^^S?:?^^ 0 . 1 nm^'fb-r '^-o 
15 T, 8{g?^ ( 1 9 3 nm) T«^(7)^^:S7^)^^0 . 0 1 2 5 nm^lbU, 1 
0^^ ( 1 5 7 nm) XlftO^^i)^ 0 . 0 1 nmmtt ^ Z t\ZU^ o 

f^^. u-'^ytLB 5^m^'^m\z^mt^^'^^zi>t. m^\tm^'^m. 
f)mm^n^mm(Di^n.j£m\z^^^^im\t(Dmm. x\mmwii(Dm 
m\zx^m^m^niEt^rzib\z. ^(D^'bii&^\zMLx±2 o pmg 
20 ^mtxt^ztpm^i^^^^ z^otc^izit. DFB'^mi^u-^(Du 



wo 01/20398 



19 

U-if 1 1 iiLTfliJA^i'^lil^fil. 5 1-1.. 5 9Mm(DDFB^^ 
#:|/--tf^{s^ffl-r^ii^t-. ZQ^mi^—^^CO Si^mt^ O S nm~ 
5 3 0 nmOm^ZU^^K Z(D^^^\t3^m^'f(D^^m^m^Z^ 

^3'j7^^^^(^ii^/j:s^Jix?^ mmmm) titmt. ^to^&o) 

10 (D-^fil(C7^cJ:§ckpfitSmpM^^5€:^L.T#-?^:Sf§®l/— !t'l l O 

^m^^^Mm\zmt-^'^x't(Dii!,t}^&^mm'^m\zbxhx^^o 
i^m(Dmn^^±^m^m^im^'&m(Dmyt^'M\zm^'r^^M'^. 
m^\z^n\i. mm^mizx^^myt^^(D!^^(D^^. y.\t^(D^m, 

^izumm ij-y)v-Ap^<Dmmn.) (DM^^uE^zit^cx^c^ik 
B^^n:<D^$im^ (i\mr^a) (D^m^mmx^. '^x^Lxnytmm 
20 (DiL-h±.^f\z^t^mm^mmt^:it^^'^mizu^o mizm^izj^n 

^^^iz^^u^^ )i(Dmm^i^ im^^ mm^^^(om^±x(Dmyt 
F^mm^(D^m'jf^) (D^w.r.i.a^zf^mi^x±.\::^^ikB^^^^(Di!i^m. 
m^i^m. Rnm.^Mmm<Dm}hm^xt. n\zm^<D^m'mMx 

25 /^^->m^MW.±\z1&^t^Zt^^'^n^tri^o 



wo 01/203»8 * urvwvvtJ^. 

20 

5 ^1 2i)^^^-h^Xl^V~'^%\.'B 0 6 (a) SiO"" (b) (1^1" 

v-^%\^B'^^^ti\.u\^m^. mt>ty (OFF) (7)irBiT«, p 
K)\,LA(Dmm^r$>^o u^. me (a) , (b) iz^\,^x (last) 

2(D¥^u^)v (=LA) t\tmmb<t^^J;:^\zm^-^nx\^^^o 

7.mm\zt^t^/\^ u^)v " 1" (Dmr^^cDm^ (%) ) ^i/ioJi^T 
m-^iti / 1 0 0 0 ommizm^-^nx^^^rzib. ^ou^jvla 

«t°-^U^;l/LBt-^bTl/l OI^TT\ 0 0 0 

^i^^lTi: 7^1:^0 3:(7)J;-9{X^^7t5{)^'^7(7)^fBlTt)l/-if7tLB 2(7)1/ 

m^\z'i^Wc(Dyty 7 ^ /^-i^^^ I 3, ^s^r/Tt^iiisn.- 7 h 1 8 - i~i 

8 -n^(7)^677-l'/t-ig^S§§ (IE!2(7)7t7 7-i'A-ii'l'i§52 2. 2 5) 
fC43t,iT, 7t1t-v{;:cfcoTfiJt#7)^^tiJjPL,T^^7t (U-lfTtLBS) 

(7)ai:'77!)U^ijn-r^:ii:7!>^^l^i]:^n§o :in}i^LT, 115 (a) \Z^t 

25 ^e>lC, ^^7t7^^"^7(^^r«^(I^— tf^LB 2(7)ttl^€rO(C-r§ch. 0 

5 (b) {z^.t^o\z. mn-^^yi->\zLrzm'immmT s\z^\^^x. 



wo 01/20398 



5 ^i^±(7)#ffff^7^^ISB^B^®bT^^7teT^§ I/— tf^LB 5 (C^mt 
Ix-ifT^L B 5 (Dai;^;«. AltT^ U--tf7^L B 4 (7) t:-^ Ua;;K7) 8 

10 ^ (=2' my ^i±.ommz\tmt^o 'iJt-DX. gien^v^T. 

:ty(Dm^(DU—^^LB 2 U^JUL A til / 1 0 Jt^TT\ iil^il 1 

/ 1 0 0 0 o=g^i^TTfe^/ta^.. u^jvLAoytu^am^]-^ (u- 

if^LB2) tC^m$n7JiV^fc86. ^n7t75^'^7(7)^rB^Tfd;l/-1f^L 
■ *ti^{>?iJT«-^J^LT. T^'^l^m^l 2{CckoTA-;UXiliil n s, 

^DMbiiiS^ 1 0 0 kH z (/^;i/XJi^ 1 0 M s ) (7)A;i/X7tn^P 

20 75^^:t>(7)^rp1iC7t^i^*^ 1 2;^^bi±i^$n-5A°>'l/X7t(Dlf-^tH^L 
B«2 0mW> W-i^\i^t}\t2 iiWtU^. ^Z.X. ^(D^^%i^^t7<D 

m^\z'^^tmf-i 2t)^c^]^t}-^n^m^%<7)v^)vi.A\t2n^. m 
■^LB/ 1 0 0 0 0 tu^o z.z.x\t. %^mmi-i 2(Dmx\z^^m 



wo 01/20398 



FC17JfUU/U0J;)Z 



22 

i|isa->y hi 8-1-1 S - n[^(D^y 7 ^ ^-^-i^m^^Z^^^X AS E 
(Amplified Spontaneous Emission: ^m^Ltii^) ^ ^ X0B^^Z^^ 

10 mMx,^^^M'^\z\t. ifmo^^oizAjiT.m^'^'^^^^ ^avpz^^sj 
Atii 2 smomm/^)\^7.tt^^t\zx^x. ^n)i7smcy)<Ds.^- 
;i/^-^i/i 0 0 0 - 1 / 1 0 0 0 on^^Zfb-^<t^z.tf)^xt. 

15 V^o 

^^^^\,-^uEx\t^(Dnm.um^'no^tx. ^ti%^n 
11 {DVB^mwv-^f^E) (Dn.tiumtft%mm^i2t^mm 

20 if 1 1 (T^m^^iJIitCckoT, ffj;i« l 0-2 0 n s A°;1.X^S^W 

)t;^)^b^(?D-g|5(7)^^^50OttiT. gf]-^*0iJ-e«A;i/X'lii7:;n n s (da;i^ 

\m\zLxh^(Dm%wit'^xu\f^i^'^\z\t. m-z^^^^u— t^'i 

Ell (a) lc4oV^T. ^(7)J:e>(cLT#AcA°;i.X7tai^^> ig]p^(7)X 



wo 01/20398 rci/jruwuoi 

« 

23 

;i.h:9A- H-7'(7)7t7 7<A--i^(|ii§§l 3(I{^^I^L\ 3 5 d B (3 1 

6 2{^) (D^i^m^'nOo Z(Dtt./^)VXmt, \l-^mtimQ 

^^:^^)lO--30^ti!,t}^. (D^U^^y 7 ^ I 5- 1~ 

7 7-f /N'-S{c:>ctj^:;L:^ciiEB#rBl7;?^*4Ae)n§o ^J^{i*^Mfl^!iT«> 

10 7^77^ A'-^CD^(Df5^ji;^^ 2 X 1 0' m/ s T ^ i: b , ^^rt- 
;i/0, 1, 2, 3tC-en^^nO. Im, 19. 3m, 3 8. 5m, 5 7.' 
7m(DS$(7)7t7 7-f /N'- 1 5 - 1 ~ 1 5 - 4 ^M^T^o 

§)t77'r/^'-(^aiPTCDPD^'5^^T>;i'rBicD7^(Z)iiE(^9 e n s ^ 
fs.^. r^^:iz-^\t. z(Dm\z^^mm^'ti:^mvmmt^yt7 7^ 

15 A- 1 5 - 1-1 5-4^, ril5g7 7i'/t-j i:B?.$<o 

^(7)42|s:(7)3iE77'1' A^-(7)ai:':^, 4f|(DX7°U 1 6 - .;■ 
l ~ 1 6 - 4 n fi (*{?iiTttn'= 3 2) (D\i:,ti\zmn^w\ (§X 

>y^'e^1'^>;i/0~3 1) -a-lt4X32IH (=1281111) (D^ 
^^^)V\zm^\r^o ^bT, #7.:/U 1 6 - 1 ~ 1 6 - 40)^^:1'^ 
20 ;i/0~3 1 a)ai:fjySi(lMl/i:i^(C:g$(7)M/i^7t77^/^"- ()iM77 
<A-) 1 7 - 1 - 1 7 - 3 2 ^^^l^bT.. P^-r^^^t^>'UrBl(l3 n 

n sommmm^^^pi^n^o -is. mi^^^mA^ro^xy"^) 

16-1-16 - 4f^\Z\t. ^(D(7)J;-9(Cii5i77< A'-lCck-tjT, 
25 7>7'U ^:/i$'WA;'7B#.'^,T?^^ 9 6 n s (7)il5iBtrBl;6^'^;ibnTl/^'5o 

^#:-eir^Jt 1 2 8 ^ ^ TWKZ) iH Ir , mK) ^O^^ ^-M^VZ 



wo 01/20398 ' /jruu/uoi 

24 

^ ^ 7t 7^ i b T ffi ^ ii ^ I C i i; 7. ^ 7 ; M @ i6 T T'cf 1/ ^ f I j 

m^nrz.n)V7s%tw\\:i o o kHz {n^7.mni o us) rsb^o 
'ift-DX. u—^yt%^^±i^tLx^^t. 1 2 8 A°;i'X7;;^*3 n s r^iPi 

t/i^^<9MU?5U 0 0 kH z Tff bn§, 

6 2 u s(Dmmyt(Dfmf)^^\::^rzf)^^ ^tj^m, n^t^tp^-a:^, x^i 

20 pJI^T^^o 

J[^il±ckD*M®X-/U 1 4. 7^7 7 A'- 1 5 - 1 ~ 1 5 - m. 
X7°U 5^ 1 6-1-1 6 -m, RZSmm<7)^y r ^ 17-1-1 
7-n\t. ±PftLX^^W\^M (Time Division Multiplexing : TD 

M) ^^k^mf^bx^^^^fb^titctfj^xt^o ta^. ^mx\t^<D 
25 ^j^m^M^^k"^ 2^(^X7"^] ^iz^-Dxmf&i^xi-^^t)^. ^n^3 



WU 01/20398 rci/jruu/uoj 

25 

6-1^16 -m«¥isiii^5§§yT$)§;0^ ^n^:xnizm^\ty 7 ^ 

10 mW}^^nm-r^J:^\zLXhXl^o CCDtt. 1 1 

•:3T^(7)A';i/X7t©ttl:^'^ii^ffiftT^J:^{c:UT=b^i/^o Ell (a) 

\Z^\^^X. m|ia(7)jiM7 T-f A- (7^7 7 A'- 1 7-1-1 7 - n) 

^mmLrcu-'^^yt\t^n^n^mm=L=-y h i s - i~i s-nfcA 
15 ttLTi^in^n^o ifimoytm'^^L^-y h i s- i~i s-n^tytyr, 
-in-i^mm^mxx^D. y.yx\t. 7tt^iia-^y h i s- i ^ut:; 

h 1 8- 2-1 8-ntbxhmmzmmt^^tA^x^^o 

20 y hi s\tm^^\z2m(D^n^njL)V}i^A • h-7°- )t77<A^- 

igijiggs (Erbium-Doped Fiber Amplifier : ED FA) ^KiU^^yj^ 
A^-i^ilil§§2 2:Rt/2 5 ^tg^UT^i^^nTV^^o ^bX. 1 P^gO 
7t7 7'r A^-ifiH§§2 2(7)i^vSgI5{ltS. ij^3t^;^«>7°U >^'-r§rcJ6 
(D^^j^t^l^M (Wavelength Division Mult iplexing : WDM) 
25 (JS^T. rwDMS^J chw^) 2 1 A:&a:2 1 B7!>^^^iii$t^. WDM 

^^2 1 Ajs^tK2 1 B^z^ox^n'enmm^w.tLxo^^mi^u-^ 



wo 01/20398 rci/ji-ou/uoiJ-i 

26 

CRU2 1 Dmm^n. WDM*^2 1 CRZS2 1 DlCctoT^n^' 
5 n^mi^U-^2 3 CRU2 3D^^'b(Dm^^^my7^^'^-i^^^2 

7^7 7< A'-i^i|iS§|2 2,2 5 ^^n^'tlAWT^ U-^^LB 3 
(*^JT«?^S1. 5 4 4 Aim) (7)i^:S€:'at;f'J;lti'^^ 1 . 5 3-1. 

10 5 6 iimnm(Di^mm(D^^m^nt^o ^tz. ^y7^n-mn^22, 

2 5 (7)it#g^T^^WDMS^ 2 1 B tWDM*^ 2 1 CtomiZ. ^ 
#J^7><;U^$7 2 4ASU^RD7t^^±r^fcfec^7^Vl/-^$^ I S 3 

-7^^;X_ .'^=yy^' ^V-J-^ > (Fiber Bragg Grating) 
15 T^^o 

*^JfC^t/VT> Ell (a) (D^77</^-l 7 - l/0^b(7)l/-1f7tL 
B3«, WDM«^2 1 A^^LT)^77'f A-tii|iS^2 2{lAWtT 

J^ijiS^n-So z.(J:>%y 7 <)^-'^%^2 2xm^^titzV-^%i^B 3 

ti. WDM*^2 1 B, ^^^ii7^Jl/i5^2 4A, T-f VU-^$^ I S 3. 
20 j5cI/WDMST2 1 C^^bT7^7 7-1' A-i^^i§§2 5 (lAltLT^t/ 
mifri^n^o mili^tiycU— tfT^L B 3ti. VVDM^^ 2 1 D^^TTLT 
0 1 (a) (7)^7 7-r A'- • /\'> KJH 9 ^ti^r^ 1 2^C7)^7 7< A 
- (^77'f A'-i^iliSgi2 5(7)^tl[lyss(DE:^aKTfeckl/0 ^ISMf^o 
C(7)^^, 2|^(7)7t7 7</t-ii'l>i§§2 2SrX2 5 Id cfc § ^ It <7) *1 
25 |iH#tj:-0ij(h LTl^4 6 d B ( 3 9 8 1 0 {§) Tfe^o ^LT, H 1 
(b) (^7.7''J^yi5'16-l~16 -m;^^b{±l;^^^-5)^5^^ ^-)V^ 



wo 01/20398 I'd/JfOO/ooi^^ 

27 

(m-nfli) *12 8f@(hLT, ^-^JKDW-i^lhtl^m 5 0 u"^ t 

h 1 8 - 1~ 1 s - nf)^^tht]-^n^u--^^(D^i^i^ti\t^n^nm 

a:5;/7^j:Jii>)2 5 6 WiT^cj^^o 

c::iT«> HI 1 (a) (7)X:/U 7^14, 16-1-16 -m-eO|g 

-mm^2 2^zs2 ^^.z^^mmm^mt-^^^^tr. mi (a) 
7-(^^-mm^ 1 3Mm2(D^y 7^ ^^-mn^2 2-v^n^n%± 

f-SASE (Amplified Spontanious Emission) ^^tiyhL. tS/^oHI 

20 1 (a) (D^-^^&mmu-^'i i^^biii;^$n§i/-if7t 

zzT. m^i^y^)v^2 4A\t^0mi^i^mmf)^iiimm^r 



wo 01/20398 



^tz. mi (a) (Dm-m^wmu—^i KDihtimm^mm&^^zm 
^o\zLxhx^^f)^> ^(Du^t}^^<D^^m m^mmxit-mtLx 

s 3 \z^->xm'o%o:>%mmm.-^t\^. v 1 8«i5ijx.ji 

3 ^ C7)7t 7 7 A- i^lilgg ^ L Tti^r ^ - t^T ^ /^^\ 

;i 0 ^ ^ II 1^ T a 2 :5 0 7 7 < / X - "li ^ ^ p 1^ <^ ^ T t c ^ 

10 Jl/^ 2 4 A^y-'T-I' V I S 3 ^Jf At" ^ ^ <^:?!)^'M t b V^o 

fzt>. #tB;^7t<^^^(^^^^*^-^f^1"^-^^^^S^^^'«> 

^Jx.^S'WDM^^ 2 lD^^bl^ai$n^l/-if7tLB3W-$P^^ 

15 tPTtLB 3 07t*^^:::5'U, ^ (DT^MT^jt^Bl^cOTti^l'Ia - h 1 8 T 

#:l/-if 2 3 A-'2 3D) <h^-h-^Um-tn\t^\^o 

5 4 4 /zmg^(7)i/— tf7tz!i^^^i^ffl$nTl^^;5^\ ^(Di^t)K^ 
20 {I^Hx^Sl. 0 9 9 -1. 1 0 6 AimlM;g(Z)U--!j'")t^.^^ffl LTt) 

t^^^a)7'6ii'l'i0Ii4'(7^7t77i'/^'-.tiil'S^<^iLTil, ^(T^iSS 

^^i^ 9 9 0 - 1 2 0 0 nmm^(D'^mmxi^m^^nO'i y^)V\i'yA 
25 (Yb) • H-7° • 7t7 7</^'- (YDFA) ^^ffl -m^'ct t,^o 

ii^t'li. mi (b) cD?^fil^itg!5 2 oicisuT, yi^^^^tti^^j-r-s:! 



ri. j/jruu/uoijx 



t^Z^oT. F2 U—^ t^nmizm~<Dl^m 157-158 nmO^ 

m\z\t. m-^t^^mmi^—^ 1 1 i:(D%mm^^9 9 0 nmi^jEtb 
t^^. ±ti(Dmmmm\z^i^-f^mn^(Dm\::-^ii!it](Dyty7^^'^- 

15 ^2 5) \zio\^^XMi^it}^m^rc^\z\t. ^(D^^-\^^y7^^^-\z 
^XX. 7 7^ A- ' C^yy \^^^=.Mm^tri'Drz^^y^)V - OvvY v; 
7 7^ J:^ m.Tfe j;t.^o ^(7)7^7 7^ A-Tliv n7(D 

20 yvY\zVjh^m'^M'^V-^^%v':f^)y^'t^. z.(D%\Oy 

' V-^%(r^\i.m^^'^^Xh'0 , 7j^^^- H^ii0#^f*U--9'?r?i^ 
25 ^=yvYt>m^-^XlX\^^. 

^tz. ±U(D^m(Dnm(D^y 7^ /"^-mm^t LXB^y 7 ■< 



wo 01/20398 FCl/Jl-OU/UOiJZ 
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2 5) {;:iifflT5:i<!:7!/^'M^b<. 7 7 < J; > ^^>'^^ 
M^C, 7:rX7x< Vl^vT.. y.\m{'cMy.-^ T^^-n y 7s (B i 2 O 

3 B2 03 ) ^£:i^it-^7t7 7<A-^, mzm.m^(r^%y -7 ^ n- 

%y 7 ^ n-'ViXt. %'^U\z^±Mitn (0iJx^i'x;i/t''^A (Er) , 

X«x;Hi''^A (Er) (h-f >:/7^;Hi'^A (Yb) <h(^M;^) ^:37tC 
^J]Q (K-7°) ■r^Cli:;:?^"^^. [W]-©^i^i1ii^^t#§/cS6ic£^g?^j:7 

7^n^i)^'^^(D'y')-nn7 7%y7<n-<r)\/\ o o^giT^c^^o 

l:k^T> X;!/!!-^/. (Er) (7) 1 0 0 f^^^i^itCf ^ :! <i: 

^0tilt/?^S<^: I^T 1 . 5 1~1. 5 9 Mm^i^ffl-f^Ji^llH, K- 
25 7°T'5-1'^><t L-XXJUri'-^A (Er) iCjnA-f 7 xJl/ 1: A (Yb) 



WU Ul/2UJy5 



r v< 1 /if r \f\ftwA^M 



31 

15- 9 7 5 nmj^iSdi^i^O^-^T^oD, :: (7)i5j#(7)?^ST§^ 
tiife^^Jt-^lt^cD^^I?^!/— y^'^r^S^i-f'J^M (WDM) (CcfcOlS^ 

"bo 

tmcn^tj^^ ( 1 9 3~ 1 9 4 nm) ^n^rz^om^u—^mmiz 

tm^nx\^^^o ^z.x\ mx\mm%nt.bxji)v\i^ hw.--Y--:f 
(DZ17 ^n-ommmy 7 ^ n-x\t. ^Low-m.tmm'^-^i^^'^^t^tc 

ffil/^btl^o :i(Otz.^Z.(Dm(Dy 7^ I^-X\t. 1. 5 4 8,amT■£^T' 
5 5 umiii5i(D\i-^^&m&miZi^y h^-tir. U > iS^r^S^Jd '>7 

h^it^yJi^^n-Do 'iit-DX. 1. 5 4 7 Mmia{^-e^iJt#^^#.<-r^ 
§§ffl77-r mA.\t^(D^-:r)V - K • ^< 7°(7)7 7-r a^-) 



wo 01/20398 rci/Ji-ou/woio^ 

32 

^ffll^-S^^dfe, 37{Z<}.-m(D^)>^mpi^Z.tlZ^K). 1. 547 

> H;H 9cDai;'jJi 1 9 a (iz;:^ LT^^^nxi^^) ^ '^{ii:'j$n;^c 

10 ^^\Z^^mif'^(D2\^(Dmm^2o) (i^Sf* 1/2(7) 7 7 2 nm) (?) 
2{$j^75t^^-r'S)o Z.(D2'^mt. 1/>X5 0 5 ^^T2^g(7)#W 
t^^ISb^bS 0 3{cAltb, ^;iTfellt52i^i«i^i^^4(c:J;D, Al^i^ 
(D2{^. gp*,S2^i^{lML4j^(DJltE4co (i^S«l/4(D 3 8 6 n 
m) ^it:P4fgife7&^'^4t-§o %^\.fzA\^mt'W.\ZVyX^Q ^^it 

15 UT3^@(7)#^ff^7t^lS0^B 5 0 4{Cji^. ^;iTS^'2>^i«i^iS^4 

(;:i:oT. XWik(D2{^. gn-t,s*^lc^^ t 8 i^(D)ii^^ 8 w ^^1"^ 
8 1^^ (?^;Sm/8(D 1 9 3 nm) ?!;^'^4r^o d 8 {§i^tt^5^CD 

SI. 5 4 4 urn) ->2{§?S (M 7 7 2 nm) -*4{g?^ (rSS 3 8 6 

20 nm) ^8f^iS 1 9 3 nm) <D\mz'f^^^^m=jf^fl^o 

2\^'1J^^(D^^^noimW^%m^^BbQ,2\Z\tl.\B2 O-o (LBO) 

^^B^. 2i^m^<b4i^&-\<D^m^no4mm^mn^BS o 3tctiL 
iB3 Or, (LBO) ^^B^. 4i^m^^8i^m^(D^m^noimm 

25 T^^^^B^H 504{C«Sr2Be2B2O7 (SBBO) IgB^B^^fflT-S. 
ddT, LBOlSBli^f5efflL/cS*i^7:;^b2f^iS^(7)'^MlC(i, zSfi^^ 



WU 01/20398 



FCI/JfUU/UOlJ^ 



n-Critical Phase .Matching: N C P M) ^^fflT^o NCPM(S> 

m^^'i^^^Bp^'T:0m^'{&tw,~mm^^t(Dm(Df^&rn'(:h^ rwaik-o 

7^ci:43, HIS (a) -{liDliT, 7^7 z-T • /N'> 1 9 chimj^Tt 
^^0^b 5 0 2 <h(75r0^}I, 1/-- tf7^LB4(7)Alt$c/j$^i«56'5;^ci!6(im7t 

9^tifi£T'5&7t7 7^/N'-(7)^-Fg (UTS) Ji^Jx.«'2 0 
10 ^N^ff^7^^ISH^B4^T^^>:i4^0i^V^mitcD;^t$^j;^JA«2 
0 0 Mm@^T^^7tise)> ^7t7 7-f 1 Oi^m&(Di^m(DWH 

15 ^tC, 03 (b) J12;j^i«i^?S^^i:fPl^j^%4<i:^li^^t3itT8;;- 
i^m^n^:it^^i:t^i^&mmw^2 0 A^^b. Z(Dm3 (b) tl^t 

1. 5 4 4 /xm(7Dl/-+f7^LB4 (^2^^^) L B O IS b^b ci: D T^j: D ± 
fBONCFMTSiJU^tlTVV;!, 1 g g (D^^ff^T^^ISa^B 5 0 7\ZXMV. 

20 c;iT-(7)2;^i^i«^^{icj;D 2fgi^7j?^~^^-r§o Mfc. 4mmytm^ 

25 b15 1 0 (CAMT^o 



wo 0 1/2U398 rt- 1 / J ruu/ooi JiS 

34 

-Mll:JSM^ni/>X'5 1 3^ii-:)T3Si(Dj3-BaB 2 04 (B 

BO) ^^^B.^K)U^imm^m^^B3 I 4{zXMt^o z.:i'V3im-^^ 

2'MMmm^±\zj:K} 6i^mzm^-^n^o 
10 -^yj^ ^u-( ' ^y-^mmbrz2i^mtu>X5 1 2RZS 

7-5 1 %\zxML. :izx^(D2\^'^tQ{^i^t\tmmz^^^nx 
4n^(DBBo^^Bxy)u^tm^^^^^^B^ 1 7(c:Aitf 

15 t^^ISb^hS 1 7TtS. ef^i^i 2f^i^<i:7:)^b?P|illS^4tIcfcO 8{^i^ 
(iSfil9 3nm) ^t#^o C CD 8 l/-1f7t L B 5 <i: 

l^tB^n'So 4l^B(D#,^fl^7^^ISB^B5 1 7 ttT, BBOIS^b 

(D\\t>^\ZC s L i Br, Oio (CLBO) 'i^^u^m^^^ ^ th^^^Xh 
Z.(DWi&^^n>2 0 AX\t. 5 4 4jtzm) 2 fg 

20 IS (i^fi7 7 2 nm) -^Sl^i^ (^S5 1 5 nm) -^6{gi^ (r>S^2 5 
7nm) -^8{§?^ (&Sl9 3nm) (7)li{C?^fi|^m?J/nf t)nTl^'5o 
^(D^O\Z&\^'1S^t2 \^'1^t(D-'l5t^%^%^^m^X A^n(Dim 

m%^'i^^Bi> 1 1 \zxMr^m^x\t. QWi^t2\^'i^t^^n^nA 
^^mmwit^m^B^ 1 7 \zm%LxxM-^^^vyx^ 15.51 

25 2 €Sl/WC^7^j:^7ti?§{l@SMT§;ii:;!)^"T#^o Z.(Dm^. 2^k^m^ 
MJi^Tt^^^sS 1 4T^^Lfc6(giS{l^(Dir®ff^^^7)^" rwalk-offj ?! 



WOOl/20398 
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^m^^^^z.tmii^'^n'^tti^. 6i^i^(D\i-i^mm^^^izn^ z.t^^ 
7 t(Dm(Dmmtm3 (b) (cme>ti'i)t)OT(s?'cj:<. 4m^(D$mM 

ji^5t^^B^5 1 4r3^^o)p^^2'AMmmm±izj:oei^m\z^^L. 

x: m^^^^nu\^^2i^^t^\z4^Wi(D$mm^^'^^B5 1 7 \zx- 

fflVi-&£^^^^Vj:< /cj:^o z.n'^\tWj^(Dm4(Dmj^mThm%x^^o 
.^fc. ms (a) (b) \z^vrz.mm^m\^ 2 0 , 2oa(iov^ 

T^n€n6-5"-\'^>;i-^;^cD(^8{§?^ (i^ft l 9 3 nm) (D^i^Witl^ 

m^m\zi^i^xM.rz.o m:^i^(^w>ti\mm(DMmmmrimLrcmv^ 

,5"-\':i'>JKDtB:^J)^T\ b°-^ • A'7-2 0 kW, A"Jl/X^i 1 n s . A;1/ 

X^OMU/i?^^ 1 0 0 kH z , 2 WT^^o 

^^^^•^)V'^rzK)(D8i^^^(DW-i^W>tl\t. ms (a) cZ)^S^^g|52 0 
T«2 2 9mW, IDS (b) 2 0 AT(1 3 8 . SmWTcb 

7^:^^1^HK2 0Ti-i2 9Wv Sfi^j^g|5 2 0 ATiS4. 9W<i:7'ci:0> M 



m4 (a) \t. 2'AMtmm^tmm^^%^t=§:m^^^i^x I Oi^ 

m^n^:itf)^Xt^1&^^^^^2 OB^fjkb. Z(Dm4 (a) {c43Vi 
10 T, )t7 7-1'A- • A>H;H 9(Dta;'ji^l 9 a;^^e)l^tB$nfc^Sl. 
5 7 ^.m(DU—^^LB 4(7)m:^mt. L B O IS J: D ^ci: l^E(Dt^ 

^0 :i(D2i^mt. U>X6 0 3^1}\'LXLBOXK>fJ:^m20^mW^ 

^m^^B6 0 4{cAitUT, 2'Amm^^^^\z^^ 4i^mz^W:'^n. 
i^?^?f^7t^iSB^H6 0 4^mmLrz4i^^RU2i^mt. ^'^ou-i v 

^ . 5 6 0 5 H|p]:i^)Hi, y< ^U^ V • ^ ^—6 0 5 TiKM^tl 
/i4{§iSt^, ^ ^-M 1 T;SI^$ni/>X6 08 ^ii:?T3^acOSr 
26626207 (SBBO) ISB^BJ:D?^i:§#^ff^7t^lSB^B6 0 9tCA 
20 ItLT, 2;^f«fj^?^^^(C^0 8l$i^(I^^$n§o y-f^D-i- 
• ^^- 6 0 5 ^M3!iLfe2f^i^td;l/>X6 0 6 &IJ^^^^-M2^ 
?ETi$^^^n< -y^ . 5^- 6 0 7 (I AMU, #/^ff^7t^^lSB^B 6 0 9T 

#bn;t8{^i^t)i/>X6 1 ^-^mrz^-iou^vo • ^^-6 0 rtc 

AWL, z:iT^(D2{^iSt 8f^^i:«|WI#H'&;i)c$nT4gS(Z)SB 
m.t.-h-^^<r>%ViWmL'^\Z^^ 1 0 1^2^ (i^fil 5 7 nm) T^^ten^o 



wo 01/20398 



^32 0 BT«, ^2|s:?S (i^Sl-. 5 7 7xm) -*2{$^ (?^S 7 8 5 n 
m) -»4{gr^ (iS:S 3 9 2 . 5 nm) ^8ig?^ 1 9 6. 2 5 nm) 

5 ^Tz. F2 i/--tf (&:^i5 7nm) tmm-i^^(Dm^yt^"i^^ 
m4 ib) 2'AMmmn±tmm't^^±t^m.^^t>^x7m^ 

10 $:#§^i:/0^'T#^i^S'^^HR2 0 C^^L, :i0m4 ib) \Z^^^X. 

^yr-in- ' 90^11^1 9 aT&^eMiii^nfc?^^ 1 . 0 ■ 

#^^j^7t^lS0^B 7 0 2tcAltL, ;ic:T(7)2;^i«PI?S^^{i^0 2f§i^ 

15 ^(lMii7^^:^^,T^filS (1^1;l^i'l/2iSS«) 7 0 3 ^jijibT,. 

s*^^o^0M7t:^f^?j)^*9 osnife-r^o s*i^:5^t/2{^j^«U'>X7H 

0 4^:rM.TLBOlS0^BJ:D7'j:^m2C7)#||ff^7t^|grB7 0 StcAl^b. 
20 ^mW^^^'^ful 0 5:/)^b^^$.n'g>2f$&^3f^iS<h«^W i^a^ 

,^/7 . ^^_ 7 0 6 T5i-ii^$n, c:::^^3iUfc3f^?^m/>X7 o 7 

y-U.2 ^MT^'i' ^ □ ^ • ^ ^ - 7 0 8 (lAt^-T^c -^^r. 
'^-( ^u-^ ' ^y-^ ^ ^XKM^rifz2\%mt. ^y-Ul'Si.XS 
VyXl 0 9 <£iioTS BBO'i^^B^^fl^'^ZmrM%^^^Bl 1 
25 OiiAI^L, 2:^i^PiS^4{ic};D 4j^lS{c^m$n^o ::(Z)4l$iS«. 
U>X7 1 1 ^MT^J^W >y • $ ^-7 0 8 llAltt. y^^D 



wu ui/zujy» 
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im^l. 0 9 9 //m) -2{$l^ (i^fi5 4 9. 5 nm)-3igi^ 
:^3 6 6. 3 nm)-4im (i^S2 7 4. 8 nm)-7jSt^ (rSfi 1 
5 7nm) OM^Z^^^^-^tl^o 

t^^. ^^^^^mu2 0 - 2 0 c]^Amz^immyt^t^m^m^\zm^ 

^Tz. ±fB(7)«(7)MTtl, 0 1 (a) X ^ ^ O \Zmm(D n 
m(Dytm^^::L='y h 1 8 - 1~ l 8 - n(Dlhtl(D^f^^^~'D(D'^M^ 
mgl52 OTl^S^^bTV^'So Lf)^Lrif)^h. ^(Di'<.t)KliZ. mX\tm 
' m (m' «2]^±C7)M^) CT^^^g^^^^^ffltt. mm.<D^mU=LZ. 
h 1 8- 1-1 8-n(7)tB^^n' li-f-^m' fl0^*;i/-yi::^ttT 
(nTn=n' -m' ) , )V-Z^m\Z I 'D(Dm^^m^xm&^^ 

^^^t^^o\zLxh^\^K m^. m^^m^2 o\t±mnf^\z^Bi^ 

tiCBOlSB^B (CsBa Oo ) , raSc)mU^'^A (Li2 B^ Ot ) , 
KAB (K2 AI2 B. 07 ) . X^GdYCOB (Gdx Y.-. Ca 
4 O (B03)3)/j:^^ffll^TfecJ:l/io 

±t^(Dmm(DMm<Dm\'yt^^'&m\z^ti\t. mi (a) (D^yj-i 
m&.Tx$>^rc^. im. x\t^m(Di$.^^m32 oxt^x(D^^^- 
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10 2 2, 2 3\z^\^^x^-^'-i^(Dm^^m±-^nx. mn^^-tyizLtz 
mk\z^ummmK)(Dihti^'^^^ztf}^xt^o ^(D^z)^zmn:. 
ytf)^ty(Dmm\zmmyt^i^tit^i^iDri\z. m^m^t>(Dmm\z]t' 
a:txzl— x^it {/^)i'7.mm\z^i-r^^\^ u^ji' "i" (DMf^(^U'^) 

O^Zt^^it^^X^^o 

20 'kiz. if^mM(Dm2(D^m(Dm3JZ'D^m7 '--m9^pmbxmmt 
milt. *fiic7)^HB^^L, z.(Dm7\zi^\,^x. 

25 1 1 7!)^<^){±l;/:^nfc:^^^ 1 . 5 4 4 uLm (Zin<&A, ^T^) CDl/~-1f 
TtLBKl, ^7 7^ 5 3 A^if\-Lxm^^m^M (Wavelength D 
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ivision Multiplexing) Ml- (WDMS^) 5 n^^M^t. 
|_,X(7)¥«#:U-1f 5 1 *^b^^til$n/i?^SA . chJSMT^J'Si^fiA 2 (D 
l/-lf7tL B R(i. )t7 7^A'-5 3B^^LTWDM^T5 2 (I AM 

5 C^it\^X%mm=f-l 2{CAM-r^o ^LT, t^^P^^ l 2TA';U 

2 7&^^7fe7 7^A--iii|iSi§l StlAMLTI/^^o 

§113, -31.^^(0 ^mm=L:::-v h 1 8 - 1~1 %-n^(D%y 7^ n 
10 -i^ili|tl2 2. 2 5 Ti^^SpJtg7:j:?^S^^'T> ^^^1^:1^^015 2 0 

t LTA r FX^v^l/-1f7t 1 9 3 nm) tmtn-1^^(Dit 

^^^t^m^^n'^t^L. %y n-mt^l 2 2, 2 5T 

m^'^^f^^i^Mn.mi. 53-1. 5 e AtmgST^^fca6, i^-if 

^LX. ifmx\tW,lO&.ml^mtLX. us (a) , (b) fC^f 
cfc^fC, ^^7t^{il:^L/j:t/^:t7 (OFF) (D^felJcH 7^ L B 1 

^?^''j;TLT, ^-IfTtLBR^jUgE^Tt^ii:, ^^7t^ffitf-r§:t > 
20 (ON) 0^f.1tC«l/— tfT^LB 1 ^iil^^)t$-&Tl/— !f7tL BR^ 
Mfl-r-So EP-^. **COl/-if)tLB 1 ch^l!]ffl(Dl/-lf7tLBR 

^^n^mm\%^tLX(Dm\^n,]£'^ 1 2^. (c) \zw^txo\z 

25 2;6^bttl;^$n§U-if7tLB 2tt> IDS (d) {C^fct 

■5ic> ■ty(Dmm\z{tm'ii^^i o o kH z ggoe-^ U'>k;i/l bt*! 



7^ ^ ^ L T^c^ V ^ :t 7 <Z) ^ fal © E m $CS ^ ^ 0 i T^J o T g ;^cJ: 1/ - 1f ^ 
Sfc, :2^0>j-r!Sm2(Z)fs^ffi;^rici:LT> 119 (a) , (b) [Z^t^ 

Y I 2 mmnn) 1119 (c) (i^-rck^!cSBtA°;i/7>^:>t{;:^^lr 

1219 (d) tC^-rcfce»{C, :t>(Z)^rp^(CfS|Ii8 ( d ) (Z) « ^ i PI (Z) A 

ui^^t^z. iry<Dmm^zyfmt<si]^-'^^^^n!it}-^n^z.thm^K •; 
20 ^ 1 27^)^bt^gA . (D^<7)^i)^ii\t}^n^^^ummyj^^Msztii^ 

5 2 ^iaELT(/^§;(;^\ m 1 1 (i^Tck-s) II. t^^I^^^ 1 2 (Da:i;tJBK 
\Z\YDMm^5 2^ie®UT, T^^iO^^l 27!)^b(7)^gA , (DU—if 
25 )tL BM<hlil^)ffl(7)¥^i*U— tf 5 l7i^e(Di^SA2 (7) 1/ - if L B R 
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l-h^h^fi^ntci^^l. 5 4 4 Aim(7)l/-lf7tLB 1 dtl^it 

ta^nfciz-^^T^L B 1 t\m^t^i5mzuu'm%\^t^'i^^ i • s 4 

(a) (D>t77< • ;0F;H 9 5^)^bMa:i$n§l/— tfT^LB 4«, 



A \^ 



10 tf}m^blK CtlfCcfcoT, 7t7 7<A'-±iili§§§l 3. 2 2, 2 5 T 

\z. :ty(Dmm\z\m&^mm2 oxmnyt\ztir^^mj}mm^\,^o 
r^^. m 1 0 <D^m<Dmmx\t. yt^m^f-i 2(DxtjU\zMi^^^ 

15 -^^5 5 ^lEEUTV^^/O^ mi 2\Z^t^0\Z. ^m^M^f-l 2 (Dm 

ti^uzM^'^i^M'f'5 5^mmbx. 2^^^(dw.'^^^(b- 
— y-'T^L B 2 ^^yy^^'^-inmm i s \zm^t^^o\zbxh.^^^o 

20 HI 1 2 COa)^5cfiJil43V^Tfe. ^-/^:S^iil/--tf 1 1 75^b(7).l/-lf)tL 
B 1 tU-'^^LB? t^mitnX^yt-^-^^ZtlZ^'oX. .7^77^ 

'k\z. mi (a) (Dm^%%^mm^m\^^tcm%'^m<D-m\z'Dtm 
%mn I tLx\t. mi (a) <D^^%%±'^m.^<DW--'i&^%m\y 



A' V. A 



--tf 1 1 f)^^mm(D^mmn.-y h l S - l ~ l S - n ^X'(D^^6f-f)^^ 

LB 5(^?^S7;?n 9 3 nm, 1 5 7 nm. x\t^n^:x9\-(Dm^mzi:^ 
7t77< A--1 7 3&i;i 7 sj^-^n^niai (a) o:>%i7^)'\- • 

10 /t> 1 9 ^:^ll^Lfcfe(D{C^i;£;LTVi'g)a 

7 2fi, ^T^TtMl 7 1 7^/^e.(Z)S*t^^^^:S^^UTl/ 
— tfT^LB 5 ctD75:^^^J^CDS^7t^ai;^T^^fi^^^ (ill (a) 

20 r'^ii:^rzib(Dm^i(Dmf^^mMitx^. m^^&m^wizn^mitx^^. 

U^O)Vl 6 3^il/^i^;UXx--vl 6 4±{C«m$nT:feO, l^^ 
6 3 ^mmLtzm^^^tme^^^ I 6 5^:rM.T, ^^T^S^ 
c!:UT(7)'^XA (wafer) 1 6 ^ ±.\zm^M3.i$.(Dp^(DJ^9 -y<DWi'h\%'k 
WU^ss (^JA{i*l/4. 1/5, 1/6^) T^^.^f'So iS,^7t^l^ 



wooi/zw^ys 



X h t:;^'^^ ^nx^D , 0' XA 1 6 6 fi> ffij;l{f¥#f*. ( v U □ >#) 
XtiSO I (silicon on insulator) ^(DR1g^ic(DS1ST^>5o 
5 -^xAieett, -^xAXx-v 1 6 7 ±(;:'f^i#$n, -^xa i 6 6 

<D 3 'A7t^uitm\tmm3 1 e 9 (Ccfc-^xmii^n^'^xAXx-v i 

^;i/7.x-vi 6 4 ^:fM^T 1/^^:7 ;n 6 3 

J\l 6 6 ^<j7XAXx-v 16 7 ^i\'\^Xi^mUR^^■^m^i^ttLX^^ 
•f^^l^^^Xx'y y • 7>H • >:^^T, '^XA 1 6 6±0§.5>. 

:$im(Dm^'&m\tMM^mx^^^^. myt^mi i wtTs^-v n-m- 
7 \ \z^m^ti^m.wfiE\mm.^\z\^x^<z.t.i)m-^h\^^.' 



i^(7t 77 AW -15-1-15- m. 17-l~17-n){Ccfc-:)T 

mmm mi&m > stz-^xAi e 6(o^^;^i^](cM-r§/t;ux7t (in 

mm^^0x./\7.7--'yi 6 7 0fti«jiSlc(5^^liJ#$n^J;^(c, ffi® 
15 ^fe, ^^^Jd^feV^TfS, t^^ffl7t7 7<A-l 7 3, 1 7 8;^^'^^$ 

mt^zt-f}^xt^o 

sfc, ^m(D 1/^^jpxt--v 1 6 4\tmW]Wtm lestcj^oxx:^ 
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*MTti,- Uf-^;H 6 3 ±(D7 y-i ^> - '!7 ^^iht ^7 y ^ ^ 
> h,^ 1 8 O t. 1 6 5 ' 7^'y7.l5^(D7 

/ > 1 8 1 ch7)^'lxttbnTl^^o 

5 7t7 7-r/N'-l 7 8^^LT7^-r/>hl^l 8 OfflO?^^^MHn 7 
9 llf^^iaLTVi^o 7 9 chLT^i. Ell (a) Wi^S^^ 

^1 7 9;5^bMtfcJ^n^^7t7t<t|W]i;?^fi(7)l/— tfT^L B 5 ^7^< / 
10 >hl^l 8 Oc?:)BaBJ7tALcbUT^fflr§o 

u^tmz. m%%t.n-^§i(Dmw:^^m\^^xm^'^-^y^\t7y^ 

15 6 3 ±(7)7^'1'/> h-7-^> ;^tf'^S.^7t#^l 6 5^atT»2p■7- 
mmm^ (CCD) ■r$7tLT^(7:){5:srn^^i±i-r^fe(?)T^'9, > 

20 ;t7 • 7^>-X:;^^(D7^i'^>h.2^1 8 Ui, ^Jx.^i5 5 0 ~75 
0 nmmmOi^&^U^i^-DB^^ (yp- HA> Ht^) ^-^XA 1 6 6 

■7-^(Dmt7y'i ^> h'7-'^(Di^t^mmm^ (ccd) ±(ci^g^ 

$ T M T - ^7 (7) M -f n ^ ^ i±i T -5 (7) T ^ ^ o 

25 doii^. 7^-r ^> hi^ 1 8 0 , 1 8 1 
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tt)^V^. Z.(D^^^'BLXSry^ ^> hl^ 1 8 1 (7)ll-Mi|ISm{cS-:3'l/^T'^ 

T^j:^. HU3!nL/t^j^ff^tlT-fflt/^^7t7 7<A- (7^7 7-1' A-ii'l'ig^ 
7^ci:^■^^t^) ^^©^ffi<£flJi;^'X7i^^^>/j:t/ix7D>, Xti7 7*.^1ilB 

^sti (M;^j:^€^t;) tm%^w^nykt ^^ntMm^tz.^. 

T 7 X > 1/ X ilX^t" cfc 3 L T ck l^o 

15 ±fB(?)^;!^(?)M<^ill 3(^l7t^«THl/^^;H 6 3±(D 

7ti|W|-|^:5(7)0^,Bg)tTHSHJb, I 6 5 cfc O Tff^^ $ n § 

T-^7{r.€':>X/N7x-v 1 6 7 (3^^-tbn-5f?iP (XU 7 h7:5:<^') ^ 

20 (D^mm\nmm(Dmm%'k%^t^%ut\^x. mm(n%u (i ? i. 

25 tmz. ^l5:(D1iMal5■a7^)^'^7'c^:^l/^^;^Xx-v'^'^x/^7^x--v^ 



1, mmum) ^t^^itiz^Dm^t^ct^^vt^o r^i6. m% 

^ji-i x^m^-t^mzhmmt^cti)^r^^o ^tc. ^Bm^mm 
^(Dy^t h-^7s^^m^t^m\zh:^^m^mmr^^ti)^r^^o 

15 nrz\B\^/^^->(D-m {\ij.-xt^^) ^^mt^rz&\zm^^<bn^- 

-^'^m\t-^m^^ti\tm^^^F^\^^^^^'&mf^E\z^mmt ^ z t 
t^n'^^o ^bxz(Dm'^izitmm(Dm^^m^'^u—^'&m^zu^jh 

20 \tmni$.(Dm:^^^^m^t^. ^m^i^3ii^r<^^^^u-^mmizMbxh 
arz^ixt^<. mmr^^\zm%rji<^mmm i-mtbx'^mtx^y 
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5 -7^^ tmUt^^^^^X'^7.^<D/^:^-y^m^'r^:f^^i/^f• 
^ m^'&M\z.hmmt^:^t^^xt^o 

^^mB[^t<^^^^^mx^^(Dmj^^MK)n^:it\t^mx^^o ttz. 
mmm. mm:^(Dmm. mm. Rzsmm^ttsi 999^9^105 
10 iinmn\(DB^mnmi^mw,i 1 - 2 5 s 1 3 2^o±x<Dm7r.^H^\t. 

^/^)V7.^m[^xmU':H:mm^^\zm^v. mmm9\-ft^ti!^^i^f^^'Mm 
^\zhmmmnyt(Dihti\zmnmzBm^^piU^^^mxm^^^^^ 
20 \zmn^mfmmm(D'jt^iM^Lx^^^rzib. mmm\zu-^^ 
%) (D^ti^mtht^n<D%-^-v(D^mtimm^nx. ^\z^w.tt 

tzV"-^%(D%^^t^x'ik^^^t^zt\zx^x. ^^%(D%mm 
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li 3j< (Z) IS H 

10 Wr^7¥;t^*SgP<l:. 

^ tu f B 7^ ^ b HtJ IE 7t 't>l gr. ( I {^t ;5 n ^ 1/ - tf 



10 (Dmr^^mmyt^^^t^mm^'i^.^m^. 

i^^^iiLr^^^mm^^zimmmm^^mm^mumzwi^r^zt^wm. 

15 6. $m(Dmm5\z$^m<7)m^mmx$)'DX. 

mmmm^<Di^&mmtmm^w>(Dmnmp^x\ f}^'Dmtm^^^ 
ux^n-yt\z^mx^ ^^m^mm^iz;^^ tmz. 

20 mMt^mj^'mmt^^iz^-r^zt^nmtt^m^mmo 
7. $m(Dmm^^zmm(Dm^mmx^'DX. 
mw.m^A^(Dm^mtmtmmmummm\Hx\ f)^'omtmmMm 
w^x^^mz^mxt^i^^mm^\z$>^tmz. . 

m^mm^it^^\z^r^-:it^w'^ft^m^mm. 
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8. $m(Dmmi\zmm<Dm^'&m'n^'DX. 
10 m:^Az\mMti^\z. 



10. $m<Dmmsizmm<Dmyt'&w:x$>'DX. 
15 mimm(DMmm\t. mE^m^m^xmnmz^mx^^®^ 
^mjzitm^^tmz. 

20 11. u—^mm^'^(Dm^ytxmi^w-^mmL.mmim^<D/\^ 
->^mrcm9\^ytx^2m^^m^t^'&mxh'DX. 

a^m-^ntcu-^^^^^ytizm&^mt^m&^i^^t^m^. 
25 m^mn^^ii!>tit^mmtmt^^^^xmmm9%^^\i!>tiLu\^^m 
miz^mm^m^miz^^m^t^mm^^^m^rzzt^wwLtt^ 
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